Nuts are nutrient dense foods especially appreciated for the fatty acids composition of the oil fraction and other bioactive compounds, like polyphenols or sterols. Almond, pistachio, and walnut oils were extracted by two pressure systems (hydraulic press and screw press) in order to obtain virgin oils. A comparison of the fatty acids was performed for oils from different sources. Although the main components of oils (fatty acids and sterols) did not vary according to the system used, some differences among the three types of nut oils were found. Almond and pistachio oil samples showed a similar fatty acid profile with a substantial amount of monounsaturated fatty acids, 70 and 61%, respectively. However, the majority proportion in walnut oils was the polyunsaturated fatty acids (60%). The highest total sterol content was presented by pistachio oils (4476 mg/kg). Screw press oils showed higher values of the regulated quality parameters (acidity, peroxide value, K 232 , and K 270 ). In the same way, polyphenols and oxidative stability were slightly higher when the nut oils were extracted with a screw press.
INTRODUCTION
Tree nuts are widely distributed in the geographic areas of Spain, Iran, Turkey, the United States, and China. These crops show a special ability to adapt to the environment conditions of the Mediterranean climate, what allows them to occupy marginal lands where there are no other alternative crops. [1] The kernel is the edible part of the nuts with a high nutritional value, [1] being a staple in the Mediterranean diet. This high nutritive value of nuts arises mainly from their high lipid content, which constitutes an important caloric source. Their fatty acid profile is characterized by a low level of saturated fat and high level of unsaturated fatty acids, mainly monounsaturated fatty acids (MUFA) . An extensive database consistently shows total and low density lipoproteins (LDL) cholesterol-lowering effects of the diets low in saturated fat and cholesterol and high in unsaturated fat provided by a variety of tree nuts. [2 , 3] Nuts are also rich sources of other bioactive constituents, such as phenolic compounds, phytosterols, and tocopherols. [4] The most common use of nuts is as appetizer. Nuts may be consumed raw or cooked and they can also be transformed to be incorporated into other products or to produce nougat, marzipan, or ice cream. Generally, nuts quality has been, so far, defined exclusively by physical parameters, as size and shape. However, the different uses of nuts may require nuts with a specific composition, depending on each commodity. [1] The extraction of oil content in nuts is presented as an interesting alternative due to its high lipid content, such as almonds (53%), pistachios (50%), and walnuts (65%). This oil can be used in food and cosmetics industry, which would be an added value for them. Generally, nut oil is extracted using solvents. However, extraction with solvents may produce unpleasant smells and tastes in the resulting oil, which make it unsuitable for human consumption unless it is subjected to a refining process. [5] In this sense, pressure system is an alternative to conventional methods of extraction solvents. This extraction system produces a product without refining, even with all the health benefits derived from the chemical composition of nuts.
Some works study the composition of nuts in their hull, skin, and seed, [6] [7] [8] to which are attributed health benefits. Several authors study the chemical composition and the stability of nut oils extracted using solvents. [9] [10] [11] As a consequence, studies carried out to determine the chemical characteristics of the some nut oils obtained by means of pressure system are scarce. The characterization of the nut oils is crucial in order to evaluate this promising new commercial and industrial use of the nuts. The parameters used in the characterization of vegetable oils are physicochemical and sensory quality parameters, stability parameters, and the fatty acid and sterol compositions. [12] The purpose of this article was to characterize almond, pistachio, and walnut oils as well as to compare the effect of two pressure extraction systems on the physicochemical parameters, stability parameters, and the fatty acid and sterol compositions.
MATERIALS AND METHODS

Samples
The fresh samples of almond (var. Marcona), pistachio (var. Kerman), and walnut (var. Franquette) were provided by the Centro de Mejora Agraria "El Chaparrillo" (Ciudad Real, Spain) and were picked during the 2012-2013 harvest. After cracking, the shell was removed in controlled conditions and the different seeds were dried at room temperature until achieve moisture for optimum conditions of extraction, [13] being in each case: almond (7%), pistachio (5%), and walnut (8%).
Oil Extraction
The oil was extracted with two different pressure systems: hydraulic press (Mecamaq DEVF 80, Vila-Sana, Lleida, Spain) and screw press Komet Oil Press CA59G (IBG Monforts Oekotec Gmbh& Co. KG, Mönchengladbach, Germany). For the hydraulic press, 1 kg of each nut was previously ground and subjected to a pressure of 60 kg cm -2 for 10 min. For the screw press, 1 kg of each nut was introduced directly into the press. The tip was previously heated to ensure the correct extraction procedure. In both cases, three replicates were prepared for each type of nut. After oil extraction, a centrifugation step was carried out in order to eliminate the remaining solid NUT OILS EXTRACTED BY PRESSURE SYSTEMS residues from the samples. The oil samples were stored at 4°C in dark glass bottles to avoid oxidation until analysis. The analysis of the samples was performed in a period of less than 2 weeks after oil extraction.
Analysis of Physicochemical Parameters
Determination of the regulated physicochemical quality parameters (free acidity, peroxide value, and ultraviolet [UV] absorption characteristic, K 270 and K 232 ), was carried out following the analytical methods described by Regulation EEC/2568/91 of the Commission of the European Union. [14] Free acidity, given as % of oleic acid (or º), was determined by titration of a solution of oil dissolved in ethanol/ether (1:1) with 0.1 M potassium hydroxide ethanolic solution. Peroxide value, expressed in milliequivalents of active oxygen per kilogram of oil (meq/kg), was determined as follows: a mixture of oil and chloroform-acetic acid was left to react with a solution of potassium iodide in darkness; the free iodine was then titrated with a sodium thiosulfate solution. K 270 and K 232 extinction coefficients were calculated from absorption at 270 and 232 nm, respectively, with an UV spectrophotometer (Hewlett-Packard, HP 8452 A), using a 1% solution of oil in cyclohexane and a path length of 1 cm.
Determination of Stability Parameters
Total phenol compounds were isolated by extraction of a solution of oil in hexane three times with a water/methanol mixture (60:40). Folin-Ciocalteau reagent and sodium molybdate, 5% in 50% ethanol (Merck), were added to a suitable aliquot of the combined extracts, and the absorption of the solution at 725 nm was measured. Values were given as mg of caffeic acid per kg of oil. [15 , 16] Oxidative stability was evaluated by the Rancimat method. [17] Stability was expressed as the oxidation induction time (hours), measured with the Rancimat 743 apparatus (Metrohm Co., Basel, Switzerland). An oil sample of 3.5 g was used, warmed to 100°C under an air flow of 10 L h -1 .
Determination of Fatty Acid Content
In order to determine fatty acids composition (%), the methyl-esters were prepared by vigorous shaking of a solution of oil in hexane (0.2 g in 3 mL) with 0.4 mL of 2M methanolic potassium hydroxide solution, and analyzed by gas chromatography (GC) with a Hewlett-Packard (HP 6890) chromatograph equipped with a flame ionization detector (FID). A fused silica column (50 m length × 0.25 mm i.d.), coated with SGL-1000 phase (0.25 µm thickness; Sugerlabor), was used. Helium was employed as a carrier gas with a flow through the column of 1 mL/min. The temperatures of the injector and detector were set at 250ºC with an oven temperature of 210ºC. An injection volume of 1 µL was used. [13] 
Determination of Sterol Content
Sterols (%) were determined in a Hewlett-Packard (HP 6890) gas chromatograph with a capillary column (25 m length × 0.25 mm i.d.) coated with SGL-5 (0.25 µm thickness; Sugerlabor). Working conditions were as follows: carrier gas, helium; flow through the column, 1.2 mL/min; injector temperature, 280ºC; detector temperature, 290ºC; oven temperature, 260ºC; injection volume 1 µL. [13] Apparent β-sitosterol was calculated as the sum of β-sitosterol, Δ5,23-stigmastadienol, clerosterol, sitostanol, and Δ5,24-stigmastadienol.
Statistical Analysis
All statistical analyses were performed with SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Significant differences among means were determined by an analysis of variance (ANOVA), using a Duncan test with a 95% significant level (p < 0.05). The ANOVA was applied to evaluate the effect of the different pressure extraction systems on the quality and chemical parameters.
RESULTS AND DISCUSSION
Oil Yield
The oils analyzed were extracted from fresh raw tree nuts by two different pressure methods: screw press and hydraulic press. The highest yield was obtained for walnut oils, 57 ± 3% with screw press and 49 ± 1% with hydraulic press, followed by almond oils, 53 ± 2% (screw) and 30 ± 1% (hydraulic press), and pistachio oils, 40 ± 2% (screw) and 32 ± 1% (hydraulic). The oil extraction yield was higher when the screw press was used. This may be due to the increase in the temperature originated by the nuts friction inside the screw press, which produces a better separation of the oil from the nut, which may had influence the yield. [5] There were significant differences (p < 0.05) when both extraction methods were compared, with exception for walnut oils.
Physicochemical Quality
The physicochemical quality parameters of the nut oils extracted are reported in Fig. 1 The free acidity values were low in all samples, which is indicative of greater freshness of the samples and high oil quality. The oxidative status of the extracted oils was examined using peroxide value and absorption coefficients, K 232 and K 270 . The peroxide values were well below the maximum established in the regulations for edible vegetable oils (10 meq/kg), indicating a low level of oxidation in an initial state. Nevertheless, this regulation applies to refined oils and not to crude oils. Since our oils have been obtained exclusively by physical procedures, they would classify in the extra virgin category of the olive oils. [14] In this regard, the physicochemical parameters of our nut oil samples were similar to those found for other authors for virgin olive oils [20] and lower than other virgin edible oils, [12] noted especially by their very low peroxide value (0.5-2.7). When comparing the two extraction systems, the oils of all samples (almond, pistachio, and walnut) extracted with screw press showed higher peroxide values than the oils extracted with the hydraulic press, except walnut oils. In contrast, K 232 and K 270 values were similar, regardless of the pressure system used.
Total Phenolic Content and Oxidative Stability
It is known that foods of plant origin, such as fruits and vegetables and whole grain products, have been suggested as a natural source for antioxidants. Polyphenols play an important role in the prevention of cancer, inflammatory activities, and cardiovascular disease. Since several antioxidative phenolic compounds occur in tree nuts, [8, 9] inclusion of these compounds in tree nut oils is expected to enhance their antioxidant activity.
The results obtained from our analysis of the total polyphenols and oxidative stability of almond, pistachio, and walnut oils extracted by both pressure systems are shown in Table 1 The mean value of total phenolic oscillated between 17 mg caffeic acid/kg of oil (walnut oil extracted by hydraulic press) and 29 mg caffeic acid/kg of oil (walnut oil extracted by screw press). Similar values were found in some virgin olive oils from Turkey, [21] but they are lower NUT OILS EXTRACTED BY PRESSURE SYSTEMS than those found by other authors, who considered the whole nut. [22] In general terms, the polyphenol content was slightly higher when the oil was extracted with a screw press, although these differences were not significant (p < 0.05). This fact could be explained by the temperature applied in the screw press, which contributes to the transfer of the polyphenols in the oil. [18] Some works indicated that the oil extraction method influences on the effectiveness of the extraction of phenolic compounds. [9] FIGURE 1 Physicochemical quality parameters of almond, pistachio, and walnut oils extracted by means of hydraulic press and screw press. No significant differences among extraction systems were found for the same nut oil. The oxidative stability measures the resistance of the oil to lipid oxidation, providing some indication of its shelf life. The highest values for the induction time were obtained in the samples of pistachio oil, 37.15 ± 1.06 h with screw press and 31 ± 2 h with hydraulic press (Table 1). In this case, significant differences between both extraction systems were found. Our results are in agreement with other authors, [9, 10] who cited that pistachio oils exhibit a high antioxidant capacity. [19] Thereby, pistachio oil is one of the most stable among nuts, [5] with a oxidative stability similar to extra virgin olive oil from Arbequina. [20] On the other hand, the oil sample less stable was walnut oil, what confirms that this oil is relatively unstable compared to other vegetable oils. [23] The low oxidative stability of walnut oils could be attributed to its high content of polyunsaturated fatty acids, as other authors claimed, [24] since they have a low resistance to oxidation. Nevertheless, the low induction times (6.35-6.9 h) found suggest the need for further studies focusing on possible pro-oxidant components present in walnut oil.
Fatty Acid Composition
The fatty acid composition of the nut oils extracted is shown in Table 2 Oleic acid was the predominant fatty acid in all samples studied, except for walnut oil, which contained predominantly linoleic acid. The pressure extraction system did not influence significantly (p < 0.05) the fatty acid composition of the oils ( Table 2 ). Among the nuts studied, almond oil had the highest oleic acid content (69%) for both systems. Pistachio oils contained the second highest oleic acid content at 59.2-59%. The samples of walnut oil showed the lowest amount of oleic acid, about 17% with both extraction systems. In addition, walnut oil was the richest source of linoleic acid (60%), as occurs in other edible oils such as grape seed oil, [12] and showed a significant amount of linolenic acid (12%), which are associated with health benefits. [24] The fatty acid profiles found in this study were similar to those reported by others. [24, 25] The results abovementioned confirm the low content of saturated fatty acids and the predominance of mono and polyunsaturated fatty acids on the lipid composition of the oil nuts. [26] This fatty acid profile favorably affects blood lipids and lipoproteins and does not contribute to cholesterol formation in humans. [27] Figure 2 presents the results of the principal sums of the fatty acids of the oils extracted nuts. Due to the fact that there were no significant differences in the fatty acid content between both extraction systems, the results shown refer to the mean value of both methods. Almond oils had the highest values of unsaturated fatty acids (91.33%), of which 69.68% were monounsaturated. A similar behavior was presented by samples of pistachio oils, with 87.73% of unsaturated fatty acids (UFA), of which 60.53% were MUFA. These oils showed also the highest saturated fatty acid content (12.33%), but the differences were not significant with the other oils. On the contrary, polyunsaturated fatty acids (PUFA) were a majority (72.05%) of the unsaturated proportion of walnut oil samples.
The degree of unsaturation of fatty acids also affects the stability of oils since the double bonds are more easily attacked by free radicals. Figure 3 shows the ratios of the fatty acids of the nut oils studied. The oleic/linoleic ratio is an indicative of stability, so it could explain why almond and pistachio oils, which had higher ratios (3.29 and 2.21, respectively) exhibited greater oxidative stability compared to walnut oils (Table 1 ). Note the high linoleic/linolenic ratio of almond oil samples, well above the 10:1 ratio estimated in olive oil, which makes it especially beneficial for health. [28] Regarding the palmitic/linoleic ratio, samples of pistachio oil had the highest ratio, while samples of walnut oil had the lowest ratio. The MUFA/ saturated fatty acids (SFA) and MUFA/PUFA ratios put in evidence, once more, the differences among the oil samples studied. Fatty acid composition of almond, pistachio, and walnut oils extracted by means of hydraulic press and screw press. No significant differences among extraction systems were found for the same nut oil. TABLE 3 Sterol composition of almond, pistachio, and walnut oils extracted by means of hydraulic press and screw press. No significant differences among extraction systems were found for the same nut oil 
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Sterol Composition
The sterol content of almond, pistachio and walnut oils extracted are showed in Table 3 The comparison of the two pressure extraction systems was negligible (p < 0.05) in all sterols analyzed. β-sitosterol was the predominant sterol in all the samples, in increasing order: pistachio oil < walnut oil < almond oil. Campesterol, stigmasterol and Δ7-stigmasterol were also present in oil samples, but at lower levels ( Table 3 ). Samples of walnut and pistachio oil showed the highest content in campesterol, 4.1 and 4.75%, respectively, exceeding the maximum allowed limit (4%) for olive oils [14] in all of the samples. Very small amounts of stigmasterol and Δ7-stigmasterol were found in walnut oils (0.25 and 0.15%, respectively), highlighting the samples of almond oil as regards stigmasterol (1% with hydraulic press and 1.30% with screw press) and the pistachio oils as regards Δ7-stigmastenol (0.55 with hydraulic press and 0.6 with screw press). The results of total sterol content were significantly different among the nut oils studied. Pistachio oil samples presented the highest sterol content, 4221 mg/kg with hydraulic press and 4476 mg/kg with screw press. These values were well above those found for olive oil [20, 29] and oilseeds oils. [12] At the opposite end, the samples of walnut oil showed a total sterol content underneath 1450 mg/kg.
CONCLUSIONS
Almond, pistachio and walnut oil samples were extracted by means of hydraulic press and screw press. In both cases the oils obtained were ready for consumption without any refining process, avoiding the loss of compounds with nutritive value. The oils obtained with the screw press and the hydraulic press showed similar values for many of the oil parameters. Nonetheless, slightly greater yield was obtained when the screw press was used, since requires the heating of the tip, but the fluctuation in the temperature could alter the chemical composition and stability of the extracted oil, even its sensory attributes. This makes the hydraulic press a more appropriate method to obtain oils in a more natural way. On the other hand, significant differences in the composition and oxidative stability of the different nut oils were found. Almond and pistachio oil samples presented a similar lipid profile characterized by considerable amount of MUFA (60-70%), while the PUFA were the major proportion in the samples of walnut oils (~60%). All nut oils extracted showed high total sterol content, although pistachio oils stood out with contents between 4200-4500 mg/kg.
